Quality of care health services research health care reform outcomes research a b s t r a c t Objective: Examine readmission patterns over 90-day episodes of care in persons discharged from hospitals to post-acute settings. Design: Retrospective cohort study. Setting: Acute care hospitals. Participants: Medicare fee-for-service enrollees (N ¼ 686,877) discharged from hospitals to post-acute care in 2013-2014. The cohort included beneficiaries >65 years of age hospitalized for stroke, joint replacement, or hip fracture and who survived for 90 days following discharge. Measurements: 90-day unplanned readmissions. Results: The cohort included 127,680 individuals with stroke, 442,195 undergoing joint replacement, and 117,002 with hip fracture. Thirty-day readmission rates ranged from 3.1% for knee replacement patients discharged to home health agencies (HHAs) to 14.4% for hemorrhagic stroke patients discharged to skilled nursing facilities (SNFs). Ninety-day readmission rates ranged from 5.0% for knee replacement patients discharged to HHAs to 26.1% for hemorrhagic stroke patients discharged to SNFs. Differences in readmission rates decreased between stroke subconditions (hemorrhagic and ischemic) and increased between joint replacement subconditions (knee, elective hip, and nonelective hip) from 30 to 90 days across all initial post-acute discharge settings. Conclusions: We observed clear patterns in readmissions over 90-day episodes of care across post-acute discharge settings and subconditions. Our findings suggest that patients with hemorrhagic stroke may be more vulnerable than those with ischemic over the first 30 days after hospital discharge. For patients receiving nonelective joint replacements, readmission prevention efforts should start immediately after discharge and continue, or even increase, over the 90-day episode of care.
home health agencies (HHAs, 17%). 5, 6 The goal of post-acute care is to help patients further recuperate after hospitalization. 5 These services are initially more costly, 5 but based on the premise that post-acute services will improve long-term outcomes. This premise is the topic of ongoing investigation and debate. 7, 8 The purpose of this study was to examine hospital readmission patterns over 90 days in persons discharged from acute hospitals to post-acute settings. We studied records for Medicare beneficiaries hospitalized for stroke, lower extremity joint replacement, or hip/femur fracture. We were specifically interested in these patient populations because they are (1) included in episode-based payment models 9 and (2) commonly referred to post-acute care. 10 Stroke, lower extremity joint replacement, and hip/femur fracture are common conditions treated in the SNF, IRF, and HHA post-acute settings, and subsequently may be impacted by episode-based payment models. 10 Referral patterns, patient severity, and patient outcomes will be important to monitor as new payment models are implemented. Our findings provide baseline information on readmissions. Readmissions are an established quality measure, represent an undesirable outcome for patients and providers, 11e14 and contribute to rising health care costs. 5 We stratified our primary conditions of stroke, joint replacement, and hip/femur fracture into subconditions (eg, ischemic vs hemorrhagic stroke). A secondary objective was to determine whether differences in readmission rates between subconditions were stable or changed between 30 and 90 days.
Methods

Data Sources
We used 2012-2014 100% Medicare Provider Analysis and Review (MedPAR), Beneficiary Summary, and Home Health claims files. The MedPAR files include finalized claims for Medicare fee-for-service beneficiaries' inpatient stays in acute care hospitals, SNFs, and IRFs. Beneficiary Summary files contain information on individuals' sociodemographic characteristics, monthly enrollment (ie, fee-for-service or Medicare Advantage), and mortality. The Home Health claims files include claims for home health services. We linked the files using unique, encrypted beneficiary identification numbers. We obtained the Medicare files after establishing a Data Use Agreement with the Centers for Medicare and Medicaid Services (CMS). The study was approved by our University Institutional Review Board.
Patient Population
Cohort selection is presented in Figure 1 . We used MedPAR files to identify patients hospitalized for stroke [Medicare Severity Diagnosis Related Groups (MS-DRGs) 61-66], joint replacement (MS-DRGs 469, 470), or hip fracture (MS-DRGs 480, 481, 482) from 1/1/2013 to 8/31/ 2014 (N ¼ 1,936,807). 4, 9 If patients were hospitalized multiple times for the same condition over the study period, we used their first discharge, which we defined as their index hospitalization. We stratified discharges into subconditions of interest. Discharges for stroke were categorized as hemorrhagic or ischemic stroke; joint replacements were categorized as elective hip replacement, nonelective hip replacement, or knee replacement 15 ; and hip fractures were categorized as femur neck fracture, femur fracture, or hip/femur procedure with complication. ICD-9 diagnostic and procedure codes for the subconditions are included in Appendix 1.
Individuals younger than 66 years were excluded from analyses to ensure we had a full year of Medicare claims for a 1-year look-back for comorbidities and prior hospitalizations. Similarly, the cohort was restricted to those who had complete Part A coverage and were not in Medicare Advantage at any point during the year prior to hospitalization or the 90 days following discharge. We excluded individuals who did not survive for 90 days following hospital discharge and those transferred to another hospital at discharge. We also excluded patients admitted to the hospital from long-term care nursing homes, as these individuals represent a distinct patient population. Nursing home residents typically return to long-term care and experience different care trajectories with significantly higher readmission rates than community-dwelling older adults. 16e18 Additionally, we excluded individuals admitted to the hospital from post-acute care settings because these patients were involved in ongoing episodes of care, rather than starting episodes of care. We were interested in patients receiving post-acute care following hospitalization, so we excluded those who did not have a claim for IRF services starting within 3 days of index hospitalization discharge, a Flow chart presenting number of eligible cases remaining at each step during cohort selection. Values in parentheses are the percentage of the previous step remaining. *"Study period" refers to the 1 year prior to the index hospitalization through the 90 days post-discharge for each index hospitalization. yHas a claim for IRF services starting within 3 days of index hospitalization discharge, an SNF claim starting within 8 days, or an HHA claim starting within 10 days. zSubconditions of interest for stroke were hemorrhagic and ischemic strokes; for joint replacements were elective hip, nonelective hip, and knee replacements; and for hip fractures were femur neck fractures, femur fractures, and hip/femur procedures with complication.
SNF claim starting within 8 days, or an HHA claim starting within 10 days. The designated time frames were based on the specified admission assessment windows in the 3 settings. 19, 20 Patients who had a post-acute claim starting within the designated time frame, but had an intervening hospital stay (ie, between index hospitalization and post-acute care) were also excluded. We did not include patients discharged to long-term acute care hospitals in the analyses. These patients make up less than 1% of the post-acute population 21 and often have different diagnostic conditions and higher levels of severity than patients referred to SNF, IRF, or HHA services. 5 We used claims in
MedPAR files to verify post-acute care in IRFs and SNFs, and in Home Health claims files to verify post-acute services through HHAs. The final cohort included 686,877 Medicare beneficiaries ( Figure 1 ).
Hospital Readmissions
The outcome was unplanned readmissions within 90 days of hospital discharge. To identify readmissions, we used the specifications from the 30-day unplanned hospital readmission measure endorsed by the National Quality Forum, 22 but extended the observation window from 30 to 90 days. Readmissions were considered a dichotomous outcome (yes/no). For patients with multiple unplanned readmissions over the 90-day observation window, the timing of the first readmission was used in calculating 90-day rates and in plotting time to event analyses (see Data Analysis below). We extracted information on patients' age, sex, race/ethnicity (Non-Hispanic White, Non-Hispanic Black, Hispanic, Other), disability entitlement (disability as the original reason for Medicare entitlement, yes/no), and dual eligibility (eligible for Medicare and Medicaid, yes/ no) from the Beneficiary Summary files. We used MedPAR hospital claims over the year prior to index hospitalization to determine number of stays (count). Claims for the index hospitalization were used to determine length of stay (days) and intensive care or critical care unit utilization (days). We estimated CMS hierarchical condition category risk scores from the secondary diagnoses of the index hospitalization claim and patients' sociodemographic information (age, sex, disability entitlement, and dual eligibility). 23 These CMS hierarchical condition category risk adjustment models are used in the Medicare Advantage plans to predict a patient's relative risk of future health care expenditures. 24 
Data Analysis
We calculated summary statistics for patients discharged to each post-acute care setting stratified by subconditions. We then calculated observed 30-and 90-day readmission rates for each post-acute care setting stratified by subconditions. We also performed time to event analyses using product limit estimators and generated plots of unplanned readmission rates over 90-day episodes of care for each postacute careesubcondition combination. To address our secondary objective, we used log-rank tests to determine if there were differences in 30-and 90-day readmission rates between subconditions. Lastly, we used Cox Proportional Hazard models to examine changes in the magnitude of the differences in readmission rates between subconditions over time. Analyses were performed using SAS, version 9.4 (Cary, NC).
Results
Cohort Characteristics
The cohort included 127,680 individuals hospitalized for stroke, 442,195 individuals hospitalized for joint replacement, and 117,002 individuals hospitalized for hip/femur fracture. Distributions across subconditions within the post-acute care discharge settings are presented in Table 1 . Patient characteristics stratified by post-acute discharge settings and subconditions are presented in Appendix 2.
Hospital Readmissions
Condition-specific 30-and 90-day readmission rates by post-acute discharge setting are presented in Table 1 . For patients with stroke, 30-day readmission rates ranged from 8.8% in HHAs (ischemic) to 14.4% in SNFs (hemorrhagic) and 90-day rates ranged from 18.2% in HHAs (ischemic) to 26.1% in SNFs (hemorrhagic). For patients with lower extremity joint replacement, 30-day readmission rates ranged from 3.1% in HHAs (knee) to 10.1% in SNFs (nonelective hip) and 90-day rates from 5.0% in HHAs (knee) to 19.4% in SNFs (nonelective hip). For patients with hip/femur fracture, 30-day readmission rates ranged from 5.7% in HHAs (femur neck) to 9.8% in SNFs (hip/femur procedure with complications) and 90-day rates ranged from 11.6% in HHAs (femur neck) to 18.7% in SNFs (femur neck and hip/femur procedure with complications).
Patterns of readmission rates over time were consistent across post-acute discharge settings (Table 1 and Figure 2 ). Among patients with stroke, those who experienced a hemorrhagic stroke had higher 30-and 90-day readmission rates than those who had an ischemic stroke. Among patients with lower extremity joint replacement, those undergoing nonelective hip replacements had higher 30-and 90-day readmission rates than those undergoing elective procedures (hip or knee replacement). Among patients with hip/femur fractures, readmission rates at 30 and 90 days were similar across the subconditions.
The magnitude of the differences in readmission rates between subconditions decreased from 30 to 90 days for patients with stroke (P < .0001) and increased for patients with lower extremity joint replacement (P < .0001). No differences were observed from 30 to 90 days among hip fracture subconditions. These patterns were observed for all 3 post-acute discharge settings. At 30 days, the readmission rates for patients with hemorrhagic stroke were 2.4% (IRF), 2.6% (HHA), and 2.9% (SNF) higher than the readmission rates for 15 .58 (P < .0001) for stroke, 153.19 (P < .0001) and 543.87 (P < .0001) for joint replacement, and 6.51 (P ¼ .0387) and 3.94 (P ¼ .1396) for fracture. (B) Patients discharged to SNFs. *Log rank tests for 30-and 90-day unplanned readmissions were 40.01 (P < .0001) and 18.06 (P < .0001) for stroke, 1367.07 (P < .0001) and 3959.17 (P < .0001) for joint replacement, and 0.62 (P ¼ .7331) and 1.38 (P ¼ .5017) for fracture, respectively. (C) Patients discharged with HHA services. *Log rank tests for 30-and 90-day unplanned readmissions were 19.91 (P < .0001) and 4.44 (P ¼ .0350) for stroke, 217.50 (P < .0001) and 476.52 (P < .0001) for joint replacement, and 0.14 (P ¼ .9335) and 3.12 (P ¼ .2102) for fracture, respectively. Labels: Comp, hip fracture with complications; Elective, elective hip replacement; KA, knee arthroplasty; Nonelective, nonelective hip replacement.
patients with ischemic stroke. At 90 days, the differences were reduced to 2.0% (IRF), 1.4% (HHA), and 2.3% (SNF). At 30 days, the readmission rates for patients undergoing nonelective hip replacement procedures were 3.3% (IRF), 3.6% (HHA), and 4.9% (SNF) higher than the readmission rates for patients undergoing knee replacement procedures. At 90 days, the magnitude of the differences had increased to 7.9% (IRF), 6.7% (HHA), and 10.7% (SNF). No differences in readmission rates were observed from 30 to 90 days between elective hip and knee procedures.
Discussion
We present patterns in unplanned readmission rates over 90-day episodes of care for patients with stroke and lower extremity orthopedic conditions who received post-acute care in 2013-2014. This information is relevant to the pending changes in service delivery and payment models. 5, 25 CMS is testing 90-day episode-based payment models for joint replacement and hip fracture. 4 Additionally joint replacement, hip fracture, and stroke are conditions included in the CMS Bundled Payments for Care Improvement initiative, a voluntary episode-based payment program. 9 Our findings can serve as a baseline for examining readmissions over 90-day episodes that include postacute care. Monitoring changes as reforms are implemented is an important area for future research. We stratified readmission rates by subcondition and initial postacute setting. This builds on previous work and provides additional insight. Ninety-day readmission rates of 6% among patients undergoing knee replacement procedures, 26 7% among patients undergoing hip replacement, 27 and 26% among patients with stroke 28 have been reported. Our findings provide a more in-depth look and demonstrate that rates vary within each condition category across subconditions and post-acute settings. This information allows for more targeted readmission prevention strategies. We observed clear patterns in readmissions over 90 days across discharge settings. Patients with hemorrhagic stroke had higher readmission rates than those with ischemic stroke at all time points, and patients undergoing nonelective lower extremity joint replacement procedures had higher rates than those undergoing elective procedures.
The differences in readmission rates between subconditions decreased over time postdischarge for patients with stroke and increased for patients with joint replacement. This has implications for episode-based care delivery. For patients with stroke, efforts to prevent readmissions may be especially beneficial for patients with hemorrhagic stroke over the first 30 days after hospital discharge, but later in the episode it will be equally important to target patients with ischemic stroke. For patients receiving nonelective joint replacements, our results indicate that readmission prevention efforts should start immediately after discharge and continue, or even increase, over the course of the episode of care. For patients with hip or femur fracture, readmission rates were similar across subconditions at all time points, implying no difference in risk over time. The strength of the subcondition patterns we observed is supported by the consistency across post-acute SNF, IRF, and HHA discharge settings.
Our findings suggest that interventions to reduce readmission rates over 90 day episodes of care may need to be targeted to specific patient populations and post-acute settings. These interventions may also need to extend beyond the window immediately surrounding hospital discharge. Current prevention strategies primarily focus on the discharge process and follow-up within the first 14 days 29e31 ; however, positive outcomes have been observed with programs extending 30 or more days post hospital discharge, 32, 33 as well as with interventions targeting post-acute care discharge. 34 Timing, duration, and delivery of readmission reduction programs in the context of episode-based payments will be a priority area for future research.
Strengths of our study are that we examined readmissions over extended episodes of care in a national cohort stratified by post-acute discharge setting and diagnostic impairment group. We also studied unplanned readmissions as defined by CMS. 22 Prior research on readmissions has usually focused on overall or condition-specific allcause readmission and often excluded patients discharged to postacute care.
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Limitations
Limitations associated with our study include the following. The completeness and coding accuracy of administrative and billing data cannot be consistently verified. Our analyses are restricted to the patient characteristics available in the claims files, and information regarding the severity of primary and comorbid conditions is limited. Social determinants such as education, financial status and social support are not directly measured in the Medicare files and this may affect readmission risk. We used Medicare fee-for-service files to identify our cohorts. We did not have access to information for persons enrolled in Medicare supplemental or Medicare Advantage plans. We included only patients who were discharged from acute hospitals to post-acute settings from specific impairment groups. Our findings do not apply to the larger Medicare population or to persons with conditions not represented in our sample. We did not risk adjust our analyses. Risk adjustment to determine readmission benchmarks or to make comparisons among facilities was not consistent with the purpose of our study. The absence of risk adjustment means that it is not appropriate to compare outcomes across the different post-acute care settings. Observed (unadjusted) rates also play a valuable role in informing care delivery. These are the actual rates of patients experiencing an undesirable outcome and, from the provider and payer perspectives, represent resource utilization over episodes of care. We believe this is important information given the pending changes in service delivery and payment models. 5, 25 Finally, although the future status of broad Affordable Care Act objectives and programs is uncertain, considerable momentum and support have developed for changes that appear to be improving patient outcomes and reducing costs.
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Conclusions
As we move toward the implementation of bundled payments and provider accountability for extended episodes of care, it is important to understand how clinical and patient-centered quality measures perform for specific patient populations. We observed clear conditionspecific patterns in 90-day readmissions across post-acute discharge settings. Differences in readmission rates between stroke types decreased over time, differences in readmission rates between joint replacement groups increased over time, and no meaningful differences in readmission rates between hip fracture groups were noted over time. This information may be useful in targeting interventions as health systems, providers, patients, and caregivers adapt to the new episode-based health care delivery and payment models.
